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coefficients of the planetary terms by about a fourth would also 
sensibly decrease the discordance between computation and 
observation. 

(7) The consideration of the correction of Class III. (§ 3) is 
postponed for the present, pending further leisure. The value 
deduced for the “ parallactic inequality ” requires considerable 
correction, for the effect of systematic errors he has not taken 
into account. 

(8) In conclusion I must congratulate Mr. Cowell on the degree 
of success which he has attained in dealing with the long series 
of Greenwich observations, and especially in showing so clearly 
that the theoretical values for the perturbations of the Moon by 
the Sun are in entire harmony with the results of observation. 

‘ I can appreciate it all the more, as for years I had worked on the 
same subject; but my results, more detailed and elaborated than 
Mr. Cowell’s, have for years been lying awaiting official publica¬ 
tion, and will, I fear, have to wait for several years longer until 
the revenue of the colony is again normal ; so Mr. Cowell’s 
results take precedence, and mine must wait. I could have sup¬ 
plemented Mr. Cowell’s data by furnishing the value derived 
from both observation and theory for most of the terms due to the 
planetary perturbations, but judged it preferable to keep entirely 
to the data furnished by Mr. Cowell’s successful discussion of the 
observations. 


Discussion of Greenwich Observations of the Sun , 1864-1900. 

By P. H. Cowell, M.A. 

An observation of a planet from the Earth being the exact 
counterpart of an observation of the Earth from the planet, it 
follows that the elements of the Earth’s orbit can be obtained 
from observations of the planets. I hope to analyse the apparent 
errors of the Greenwich meridian observations of the planets for 
the years during which Be Verrier’s tables were used in the 
Nautical Almanac , and I have already prepared such an analysis 
for the observations of Venus. The corrections to the elements 
of the Earth’s orbit obtained directly from the Sun evidently 
form a useful check upon the results of the more complex dis¬ 
cussion for a planet. 

In this paper I only consider the right ascensions of the Sun, 
and I have only analysed for terms whose arguments are the 
longitude of the Earth and the difference of longitude of the 
Earth and Venus. In this way corrections to the solar eccentri¬ 
city and perigee are obtained, and also a correction is obtained 
to the mass of Venus. 

The figures to be analysed are given in Table I. The unit is 
o s, oi ; the quantity tabulated is the mean error of right ascension 
for the month. Each month receives equal weight in the analysis, 
and the error for 1891 September has been supplied by interpolation. 
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The sum of all the quantities in Table I. is + 2324. 

The tabular minus observed epoch is therefore +2 3 s -2 4 
—444= +o s, o 52 = +o r/, 78. 

Analysing the sums for the different months and treating E, 
the Earth’s longitude, as 115 0 for January, 145 0 for February, 
and so on, we get 

(tab.—obs.) +o" , 78—sin (E— ii5°) + o"*oo cos(E—115 0 ) 
+ (—o"‘2i sin+ 0"*04 cos)2(E — 115 0 ) 


No appreciable part of the last term will correspond to pos¬ 
sible errors of eccentricity or obliquity. The most probable 
explanation is instrumental error. The preceding term —o r '*47 
sin (E — T15 0 ) indicates that Le Terrier’s eccentricity requires an 
increase. Here, again, instrumental error probably affects the 
result. We know, for instance, that there is a diurnal change 
in the level error whose amplitude is greater in summer than in 
winter. The effect of this could be roughly estimated, but it 
seems preferable to analyse the errors as they stand and merely 
point out that the results are liable to small systematic errors. 
The extent of the observations (thirty-seven years) is too short 
to obtain reliable corrections proportional to the time. 

The corrections to Le Yerrier’s longitude in 1882 is therefore 


— o"* 78 + o"*47 sin (E—115 0 ) 

= — o / '*78-f o /r *46 sin (E —ioo°)—o"*i2 cos (E—ioo°) 


Element. 

Mean longitude 
Eccentricity ... ... 

Coefficient of principal elliptic 
in longitude 
Mean anomaly 
Perihelion 


Correction required by Le Verrier 
in 1882. 

n 

... —078 

... +0*23 
term 

... +0*46 

— 0*12 - r -20 = — 3' /# 6 
... -f- 2*8 


It is interesting to compare these corrections with the differ¬ 
ences between Le Terrier’s tables and Newcomb’s. 

Counting T in centuries from 1900*0 we have the following 
differences, Newcomb-Le Terrier. 


Element. 


Formula . 

For Differences Newcomb-Le Verrier. 


Value in 
1882. 


Mean longitude ... 
Perihelion ... 

Principal elliptic co¬ 
efficient in longi¬ 
tude . 


— 0*71— o*82T—o*oi83T —0*56 

+ 7*8 -j-i7*26T—o*i9T 2 + o"*oi2T 3 +4*7 


+ 0*52+ o*2 7T+o*oo4T 2 4-0*47 
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Thgre is most satisfactory agreement between the eccentricity 
found in this paper and that used by Newcomb. The mean 
longitude and perihelion cannot be compared unless allowance is 
made 

(i) For any changes of long-period terms between Le Verrier’s 
tables and Newcomb’s. 

(ii) For the difference o "‘8 between Newcomb’s equinox and 
that used in the Greenwich clock-star list up to and including 
1902. 

Coming now to the analysis with the heliocentric elongations 
of Venus as argument, an auxiliary angle with nineteen different 
values 

l8o °+^36°! 

J 9 

was employed. 

Approximately the value of p increases by unity in each 
month, that is to say, for each entry of Table I. ; but in order to 
allow for the slight excess of the synodic period of Venus over 
nineteen Julian months, the value p = 4 is assigned to both 
1868 January and February ; p = 14 to both 1874 November 
and December; p = 5 to both 1885 September and October; 
p = 15 to 1894 July and August. We thus obtain 


Table II, 


V-E. 

p ‘ 

Sum of Error?. 

No. 

I 98 ? 9 

1 

+ 106 

23 

217-9 

2 

+ Il8 

23 

236-8 

0 

+ 104 

23 

255*8 

4 

+ 104 

24 

2747 

5 

+ 138 

24 

293*7 

6 

+ 109 

23 

312-6 

7 

+ 121 

23 

331*6 

8 

+ 125 

23 

35 o *5 

9 

+ 130 

23 

9*5 

10 

+ 124 

23 

28-4 

11 

+ 143 

23 

47*4 

12 

4 * III 

23 

66-3 

13 

+ 127 

24 

85-3 

14 

+ 149 

25 

I04-2 

15 

+ 128 

25 

123*2 

16 

+ 1 19 

23 

I42-I 

17 

+ 97 

23 

l6ll 

18 

+ 133 

23 

180-0 

19 

+ 138 

23 
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Analysing in the usual way we have 

* 

(tab.—obs.) 4-o //, o3 sin (Y — E) -f o"*oo sin 2(V—E) 

Newcomb, using a mass of Venus 1 : 408000, obtains terms 
in the Earth’s longitude 

—4 // *838 sin (V — E) + 5 // *526 sin 2(V—E) 

Le Verrier, using a mass of Venus 1 : 401847, in his theory 
obtains 

— 4' / *9i3 sin (V— E) + 5 ,/ *6i3 sin2(V—E) 

but in his tables he uses a mass (Annates de VObs. de Paris , vol. iv. 
p. 34) 1 : 400246 (p. 102) with inequalities 

-4"- 93 sin (Y-E) + 5 , '*63 sin 2 (V—E) 


To these terms the apparent corrections just obtained are 
—o r/, o3 sin (Y—E)-J-o"*oo sin 2 (Y—E) 

For the mass of Venus we therefore have 

from the term in Y —E 1*006 to 400246 

„ „ 2 (Y—E) i*ooo „ 400246 

Mean 1*003 to 400246. 

Newcomb, in his provisional theory (Astron. Constants , 
pp. 7, 8), uses 1 : 401847, and on p. 22, last six lines, he obtains 
a correction +*007 from the Greenwich observations 1867-189^, 
in close accordance with the result of this paper. The present 
paper, however, supplements Newcomb’s calculations by consider¬ 
ing the two principal terms separately instead of all the terms 
together. 

Professor Newcomb, however, swamps the result obtained 
from recent Greenwich observations by introducing additional 
material of decidedly inferior value, and on pp. 101-2 he reaches 
the result 1 —*0119 : 401847, and in his tables of the Sun he 
uses 1 : 408000, as stated above. 

This latter value would imply that the two coefficients as 
obtained from the thirty-seven years 1864 to 1900 are respectively 
o ,/ *i2 and o ''*jo in error. I do not believe that such errors are 
possible in the case of terms of short periods different from the 
periods of possible instrumental errors ; certainly in my analyses 
of the errors of the Moon I found no such discordances in cases 
where comparison could be made with well-determined theoretical 
values. 

Moreover, in the older observations I did find large discord¬ 
ances in the case of the Moon, and I can easily believe that they 
may also exist in the case of the Sun. It must be remembered 
that the older observations of the Sun and Moon have not been 


© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjoumals.org/ at University of Michigan on July 11, 2015 




1906MNRAS..66..302C 


March 1906. Mri Cowelly Greenwich Observations of Venus. 307 


re-reduced with the same care that has lately been bestowed on 
several of the earlier star catalogues. I consider therefore that 
Professor Newcomb has given excessive weight to his other 
material, and that it would have been better to leave Le Verrier’s 
mass of Venus unaltered. 


Reciprocal of Mass of Venus. 
LeVerrier... 

Newcomb ... 

Present paper 


400 x10 3 
408 x10 3 
399 Xi° 3 




Discussion of Greenwich Observations of Venus , 1869-1900. 

By P. H. Cowell, M.A. 

The observations under examination are divided into four 
periods of analysis of eight years each. Eight years is equi¬ 
valent to thirteen revolutions of Venus y or five synodic periods. 
Bor each period of analysis corrections to the mean longitude, 
eccentricity, and perihelion of both the Earth and Venus are 
obtained. A correction of about 3'' to Le Verrier’s centennial 
motion of Venus is distinctly indicated, but a period of thirty-two 
years is naturally too short to obtain reliable corrections pro¬ 
portional to the time. I have therefore merely taken means for 
the four periods of analysis, and thus obtained corrections 
applicable to Le Verrier’s elements for 1885*0. 

The peculiarity of my analysis is that it contains no simul¬ 
taneous equations, a feature which I believe will be appreciated 
by readers of Le Verrier, vol. vi. pp. 58-70, or Newcomb, 
Astronomical Constants , p. 92. This has been achieved by 
forcing symmetry into the distribution of observations by giving 
enhanced weight, whenever necessary, to isolated observations. 
The process no doubt slightly diminishes the weight of the results 
as compared with an ideal method, but, as I shall now show, it 
involves a considerable increase of accuracy as compared with 
the more laborious methods just referred to. In Newcomb’s 
Astronomical Constants , p. 57, we read : “In dealing with so 
extensive a system of unknown quantities it is impracticable to 
investigate the dependence of each upon all the others.” Now it 
is just this dependence, which Newcomb found it impracticable 
to investigate, which is brought out in the present paper. And 
the investigation is by no me^ns unnecessary ; for I shall show 
that the corrections to the eccentricity and perihelion of the 
Earth are determined by a vector quantity whose components 
are y-\-z>y' +»'. A similar statement holds for Venus with com¬ 
ponents y + 2*, y f + 2z r . It also appears that y, y r are quantities 
that can only be determined with 10 per cent, of the weight 
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